not to the level experienced by those born there. 14, 15 Also, within a population, people with high cumulative solar exposure through predominantly outdoor work (e.g. farmers) tend to have low risk compared to the rest of the population (i.e. those with predominantly indoor jobs), even after adjustment for socioeconomic status. 1, [14] [15] [16] [17] Finally, data on the anatomical distribution of melanomas have shown that incidence rates are similar per unit area for a fully exposed site like the face and partly exposed sites such as the shoulders in both sexes and the back in men; 14, 18 in contrast, rarely exposed sites (e.g. buttocks) have much lower rates. This suggests that intermittency of exposure may enhance the effect of a given cumulative amount of solar exposure. 19 These anomalies have led to the development of hypotheses concerning pattern of exposure (chronic or regular versus intermittent); timing of exposure (childhood versus adulthood); and interaction between exposure and susceptibility (skin type, prior cumulative exposure). 14, [20] [21] [22] [23] The intermittent exposure hypothesis has garnered particular attention. This hypothesis essentially holds that 'infrequent (intermittent) exposure of untanned skin to intense sunlight is particularly effective in increasing the incidence of melanoma'. 24 In contrast, a more chronic or 'regular' pattern of exposure may actually result in a reduction in risk.
Some of the earlier investigations used to test these hypotheses were not specifically designed for this purpose. They have also suffered from measurement difficulties, concerning not only what to measure but also how to measure it accurately. A variety of indicators purporting to quantify 'intermittent' exposure or enhanced susceptibility to UV radiation exposure have been used. Somewhat surprisingly, the results of populationbased studies have been reasonably consistent in the size of the odds ratios (OR) found, despite differences in their measures, methodologies, and locations. 25 However, OR are generally small: estimates of the pooled OR for intermittent solar exposure were 1.57 and 1.71 in two recent meta-analyses. 25, 26 No single measure has been widely accepted as a measure of intermittent exposure, effect sizes vary between countries (perhaps depending on the ambient level of UV), and the degree of control for host factors is highly variable between studies. Clearly, further studies with more careful exposure assessment are needed. In addition, interactions between susceptibility, timing and patterns of exposure need to be considered.
We consider these issues using data from a large case-control study conducted in southern Ontario, Canada, from which indicators of intermittent and chronic UV exposure and host susceptibility could be constructed.
Methods
The study methods have been described elsewhere 27 but the design will be summarized here and details relevant to this particular analysis presented. The study used a case-control design with population-based sampling of both cases and controls. Cases were identified from pathology reports provided to the study centres by laboratories. Eligible cases were people who: had newly diagnosed, histologically confirmed cutaneous melanoma (including Hutchinson's melanotic freckle, lentigo maligna and melanoma in situ); were 20-69 years of age at diagnosis; resided in one of six counties in southern Ontario; and were diagnosed through one of the hospital or private pathology laboratories in the study area between 1984 and 1986.
Laboratories provided pathology reports, and consent to contact cases was obtained from the treating physician. Slides for eligible subjects were reviewed by a dermato-pathologist with expertise in melanoma (Dr L From, Women's College Hospital, Toronto). Her diagnosis was used to define eligibility and for subtype analyses for the 91% of cases for whom slides were available. For the 9% of cases lacking slides, a pathology review was not possible, and the original diagnosis was then used to determine eligibility and subtype.
Body site of the melanoma was recorded from pathology reports. Those with recurrent lesions were identified through the Ontario Cancer Registry and excluded. A lesion was considered recurrent if a melanoma had been diagnosed within the previous year and was located in the same lymphatic drainage area.
Controls were randomly selected from property tax assessment rolls and were chosen to approximately match the case distributions with respect to age, sex, and municipality of residence. Blacks and non-English speaking subjects (cases and controls) were excluded.
Cases and controls were sent an introductory letter and subsequently telephoned to arrange a convenient time and location to conduct an in-person interview using a structured questionnaire. Interviews took about 30 minutes and included questions on a variety of potential risk and predisposing factors. [27] [28] [29] Questions of interest here concerned: vacations taken in the past 5 years and at ages 12 and 18; severe sunburns in the past 5 years; use of sunlamps or sunbeds; usual outdoor activity days between ages 10 and 20; jobs held; and skin reaction to sunlight.
Subjects were asked about vacations lasting у7 days during the preceding 5 years. For each such vacation, information was requested concerning location, time of year and duration, in addition to whether the respondent had engaged in beach-type activities (swimming, sunbathing, sailing, playing by the water, etc.). Similar information was collected for the vacations taken at ages 12 and 18, the latter only if the subject was Ͼ25 years old. The number of severe sunburns in the previous 5 years was reported; a sunburn was considered to be severe if the skin was painful for at least 3 days. Subjects also reported details of their lifetime use of sunlamps and sunbeds, including, for each episode of use, year, duration, location, and part of body exposed. Each of these variables was used to construct an indicator of intermittent UV exposure.
We now consider the assessment of chronic sun exposure. Usual exposure to the sun during the period 10-20 years of age was ascertained through a question about how often in a typical year the respondent did beach or water activities, or spent one or more hour per day doing other outdoor activities, other than beach and water-related ones. Only free time activities were considered, excluding vacations. For each job held for у6 months since age 16 or 1950 (whichever was more recent), subjects indicated how many daylight hours they spent outdoors, on average, during the summers. Homemaker, student and retiree were included as job categories for this purpose.
Two indicators of chronic sun exposure were then created, specific to the adolescent years and to recent adult life. Those who reported having spent one or more hours on non-water or beach-related activities on more than 100 days in a typical year when aged 10-20 years were considered to have been exposed during adolescence; those whose job 5 years prior to interview involved spending some time out of doors in the summer were considered to be exposed in recent years. The reaction of the skin (to burn or not) to one hour of strong sunlight for the first time in a summer were used as an indicator of host susceptibility.
Relative risks for malignant melanoma were calculated (using the OR approximation) for each intermittent and chronic exposure factor controlling for age (as a continuous variable) and host susceptibility status (initial reaction to summer sun). All analyses were performed separately for males and females, and for both sexes combined adjusted for sex.
Subgroup analyses were executed to determine if risk differed according to tumour location (trunk versus non-trunk), or tumour subtype (nodular, superficial spreading and in situ, lentigo maligna, and unknown or not specified). Interactions of the exposure factors with age at diagnosis and host susceptibility status, and between indicators of intermittent and chronic sun exposure within the same period of life were also examined. Age at diagnosis was analysed using age groups 20-34, 35-54 and 55-69; these were selected so as to have a reasonably large sample size in each group. The youngest group might be thought to better reflect relatively recent exposures in adolescence, while the eldest group represents ages at which the risk of melanoma is higher, and whose risk might more be determined by exposures during adulthood.
Unconditional multiple logistic regression analysis was used to estimate relative risks. Subgroup effects were considered through examination of appropriate logistic interaction terms. The Egret program 30 was used. Risk estimates and tests of statistical significance of risk differences for case subgroups (by body site and subtype) were evaluated using polychotomous logistic regression, using appropriate contrasts with Proc CATMOD of SAS. 31, 32 Results There were 647 eligible cases, of whom 583 (90%; 277 males, 306 females) completed the interview. Reasons for nonresponse include death or illness (3%), refusal by a physician on behalf of the case (3%) and direct refusal by the case (3%). An additional 107 cases were excluded due to study closure, language problems or ineligible pathology/recurrent disease on review. Of 751 controls whom we were able to contact and invite to participate, 608 (81%; 283 males, 325 females) did so. Reasons for non-response include death or illness (3%) and refusal (17%). An additional 100 controls were excluded due to study closure, black skin or language problems. A few subjects had to be excluded from some of the analyses presented here because of missing data. Because of the sampling design, the age and sex distributions were very similar in cases and controls. Since there were no important differences between the sexes for any of the factors examined, only sex-adjusted results will be presented here.
Crude and adjusted (for age, sex and initial reaction to summer sun) estimates of relative risk for the intermittent and chronic exposure indices are presented in Table 1 . Adjustment for potential confounders resulted in only small changes to the estimates, both in Table 1 and in subsequent analyses, so our presentation of the later results will include only the adjusted estimates.
All of the indicators of intermittent exposure were associated with increased risk of melanoma (significantly, or nearly so), except for having taken a beach vacation during the past 5 years. The risk was particularly elevated in those reporting having had a beach vacation at age 12 (OR = 1.67, 95% CI : 1.31-2.12). In contrast the risk was significantly reduced in those who were positive for the indicators of chronic exposure, both at ages 10-20 and 5 years ago. Table 2 presents adjusted risk estimates for exposures according to body location of the tumour (trunk and non-trunk). Relative risks were similar for trunk and non-trunk sites for all exposure indicators except recent severe sunburn, where the risk was significantly higher for non-trunk lesions (OR = 1.58 for non-trunk and OR = 0.98 for trunk). Table 3 presents adjusted relative risks by tumour subtype. Except for the category which includes superficial spreading melanomas (SSM), sample sizes were relatively small and confidence intervals tend to be wide. Risk estimates in each subtype category were compared with those for all other categories combined; it should be noted that for all subtypes except SSM, the comparison group is dominated by SSM.
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Several of the indicators of intermittent exposure were more strongly associated with lentigo maligna melanoma (LMM) (which includes Hutchinson's melanotic freckle) than with the other melanoma subtypes, although only for beach vacations at age 18 was the difference in risk estimates statistically significant. For beach vacations at age 12, beach vacations at age 18, and use of sunlamps and sunbeds the OR was significantly in excess of one. The protective effects observed for the chronic exposure measures were also strongest for LMM, although they did not differ significantly from those for the other subtypes combined.
Risk estimates were generally similar for intermittent exposure indicators in relation to nodular melanoma and SSM; however, the protective effects of chronic exposures were not as evident for nodular melanoma. The 'other and unclassified' category was included only for completeness; it includes a few acral lentiginous melanomas and other lesions that were unclassifiable by the expert pathologist from the information available. Table 4 presents relative risks by age at diagnosis. Risk estimates were similar in older and younger subjects for indicators of intermittent exposure, except beach vacations at age 12, where relative risks were significantly higher in the younger subjects. The overall difference in risk for sunburn between the three age groups was of borderline significance (P = 0.07). There were no significant interactions between age group at diagnosis and indicators of chronic exposure. Table 5 presents the relative risk of melanoma according to host susceptibility (defined by skin reaction to initial summer sun exposure). About 83% of the cases and 67% of the controls were classified as 'burners' by this criterion. No statistically significant differences in risk estimates were observed. When subjects were instead classified as burners according to their skin's reaction to repeated sun exposure (44% of cases, 26% of controls), there were again no significant differences by subgroup. 
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Chronic exposures
Outdoor The results in Table 6 evaluate whether chronic exposure modifies the risk of melanoma associated with intermittent exposure occurring at about the same time; these data are shown with respect to recent (adult) exposures and to exposures during adolescence. During both time periods, intermittent exposure increases risk when the individual has less chronic exposure (no outdoor job hours). The OR in the first column of the Table are in the range 1.2 to 1.5, and are slightly larger for exposures in youth. The effects of intermittent exposure among those with more chronic exposure (Ͼ0 outdoor job hours) can be inferred from the second column of the Table. With the exception of the recent beach vacation variable, the OR are higher with the intermittent exposure than without it. For example, individuals reporting recent severe sunburn and chronic exposure have an OR of 1.03, versus 0.78 for those with chronic exposure but without severe sunburn. The ratio of these is 1.33, which is similar to the OR of 1.22 seen in subjects without chronic exposure. Thus the effect of the intermittent exposure is similar in both chronically exposed and unexposed subjects, but the former have lower overall risk, compared to the referent group (those reporting neither chronic nor intermittent exposure).
Similarly, comparing along OR in the rows of Table 6 indicates the effect of the chronic exposure. In all cases, the OR is lower with the chronic exposure than without it. For example, we see that among subjects reporting a beach vacation at age 12, the OR associated with chronic exposure is 0.63. The relative magnitudes of the OR for the other rows of the Table are similar, except for a smaller effect (OR = 0.95) associated with those reporting no beach vacation at age 12. The overall conclusion is that chronic exposure tends to decrease risk, essentially independently of the marker of intermittent exposure. The variability in the OR estimates suggests that the interaction between chronic and intermittent effects would not be statistically significant. 
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Discussion
Perhaps most striking among the results presented here is the consistent protective effect associated with chronic exposure, both recent and during adolescence, with OR generally around 0.6 to 0.8. These effects were observed in all of subgroups examined, except for nodular melanoma where the OR associated with having a recent outdoor job was slightly larger than one, and significantly different from that for other subtypes combined.
Our knowledge of the apparent protective effect of chronic exposure comes primarily from the occupational literature, where those with outdoor occupations have often been found to have a lower risk of melanoma than those in the same population who work indoors, even when social class is controlled. 1, 14, 16, 17 Occupational exposure has been variously assessed using indices such as indoor versus outdoor jobs, hours of outdoor work per week during the summer, or cumulative lifetime outdoor hours of work. The results have been quite inconsistent, although the studies with more detailed information show a tendency to decreased risk with increased outdoor occupational exposure, especially in men. 1 When previous study results for chronic exposures were meta-analysed, 25 there was significant inter-study heterogeneity in the OR estimates, but the pooled estimate from the population-based studies (which are not heterogeneous) was significantly less than one (OR = 0.73). A second recent meta-analysis 26 found a similar overall effect (OR = 0.86), but with significant heterogeneity between studies that could not be easily explained. Both these metaanalytic summary estimates are close to the OR seen in the present study.
We chose to define the number of non-vacation, non-beach outdoor activity days during adolescence as an indicator of chronic exposure. This is because during southern Ontario summers, in particular, adolescents would have tended to spend a great deal of time engaged in such activities; in fact, 64% of controls reported spending at least one hour out of doors on more than 100 days per year between ages 10 and 20. It is therefore of particular interest that the OR for this exposure was indeed less than one. We are unaware of others having looked at recreational exposure during adolescence in this way, although White et al. 33 found a decreased risk with higher levels of sun exposure at ages 11-20 years. In a study of women, Holly et al. 34 reported a (non-significantly) reduced risk (OR = 0.83) for subjects who had spent one-half or more of their weekday time outdoors (not specifically at work) in the past 10 years, although the effect disappeared completely when adjusted for tendency to burn or tan.
Our results for indicators of intermittent exposure are less consistent, but individuals who reported a beach vacation at ages 12 or 18 or ever having used a sunbed or sunlamp had significantly elevated risks. Higher risks were seen for beach vacations at age 12 compared to at age 18, especially among cases diagnosed young (ages [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Neither of the indicators of recent intermittent exposure (severe sunburn or beach vacation in the previous 5 years) were associated with increased risk overall. Within case subgroups, recent severe sunburn was associated with a significantly increased risk for non-trunk melanomas (OR = 1.58), which was significantly higher than for trunk melanomas (OR = 0.98). Since it is the trunk that is the more intermittently exposed site, this result was unexpected. The trunk/non-trunk difference was actually greater in females, while negligible in males. These results are difficult to interpret lacking information on site of exposure.
Most previous studies of intermittent exposure have equated it to recreational or vacation exposure. Vacation variables have included the occurrence of, duration of, and hours of sun exposure during vacations in sunny places (e.g. 12 ). Recreational variables have related to specific activities such as fishing, or more generally to free-time sun exposure (e.g. 12 ). Others have assessed outdoor and indoor recreation habits (e.g. 35 ). Studies have variously evaluated recent exposures (e.g. last 5 years), at particular ages (especially in childhood and adolescence), or MELANOMA AND INTERMITTENT EXPOSURE TO ULTRAVIOLET RADIATION 423 throughout life. 1 Despite the variety of intermittent exposure measures, results across studies have been surprisingly consistent, with OR that are elevated but not large, as was seen in the present study. In their meta-analysis of population-based studies, Nelemans et al. 25 found a significant pooled OR of 1.57 and no evidence of heterogeneity. The meta-analysis of Elwood and Jopson 26 yielded a significant OR of 1.71, but with significant heterogeneity resulting primarily from three outlier studies. It is noteworthy that the studies from Europe and western Canada that have more detailed measures of exposure indicate stronger associations with beach activity and high exposure recreational sports, 12, 22 while results from the two major Australian studies [36] [37] [38] show weaker and far less consistent associations of melanoma with these activities. One interpretation of this contrast is that ambient solar exposure in Australia is usually higher, so that recreation and leisure may represent a relatively small fraction of the typical total exposure of an individual. In places where there is generally less sun, people may tend to engage in intense solar exposure when it is sunny, thus leading to a more irregular pattern of exposure over time.
A history of sunburn might be regarded as a direct risk factor for melanoma, as an indirect marker of skin more susceptible to sun damage, or as an indicator of intermittent exposure. It has been more consistently associated with melanoma than other sun exposure measures, with similar OR for sunburn at different stages of life. 26, 39 Exposure to sunlamps and sunbeds also constitutes exposure to UV radiation, and is inherently intermittent. Our previously published results on this area 27 are generally consistent with other studies, [40] [41] [42] especially the more recent ones.
We deliberately controlled for only a limited number of confounders: age, sex and initial reaction to summer sun exposure (an index of host susceptibility). Other strong predictors of melanoma risk, such as number of naevi and extent of freckling, could be either true risk factors (and therefore possible confounders) or intermediate outcomes of exposure; in the latter case, adjusting for them may incorrectly attenuate a true association between melanoma and the exposure. Since naevi occur with greater frequency in individuals living in sunnier locations and in children with episodes of sunburn, they are likely to be intermediate outcomes of exposure. Interestingly, relatively more naevi occur at intermittently exposed body sites. 43 Our findings of similar increases in risk associated with intermittent exposure and reduced risks for chronic exposure for the two major histological subtypes, SSM and NM, are generally consistent with previous examinations. 33, 44, 45 For LMM, results have been less consistent, perhaps because of small numbers. Ours appears to be the first study that reports reductions in risk for chronic exposure indicators of similar magnitude to those observed for SSM and NM, although others have also reported slightly increased risks for some intermittent exposure indicators. Elwood et al. 44 found no association of LMM with intermittent exposure as assessed by h per week of recreational or vacation exposure, but reported a non-significant increase in risk with increasing numbers of sunny vacations per decade and with a history of moderate or severe sunburn. The results of Holman et al. 45 were also variable for intermittent exposure, with no increases in risk for some measures (e.g. percentage of sun exposure accrued during recreational as opposed to occupational activities at ages 10-24) but a relatively strong (but non-significant) positive association with history of painful or blistering sunburn.
We found OR to be higher in those aged 20-34 than in older subjects for two measures of intermittent exposure (recent severe sunburn and beach vacation at age 12), and similar for three other measures. There is indirect evidence that sun exposure in early life is an important determinant of melanoma risk. 46 In addition, early exposure is likely to be particularly relevant when the disease is diagnosed at a young age. Our results for beach vacations at age 12 are consistent with these observations. Westerdahl et al. 40 examined the association between sunbed and sunlamp usage and melanoma according to age, and found the highest OR in those under 30. Although other studies have not looked at risk factors in young adults, this may be a fruitful area for future research, for a variety of reasons: potentially better recall of exposures; fewer relevant exposures to study (because of the shorter period at risk); and the possibility that those diagnosed young may represent a susceptible subgroup.
Poor tanners are at increased risk of melanoma. 24 Since the intermittent exposure hypothesis posits that untanned skin is particularly at risk, one would expect poor tanners to be at greater risk of intermittent exposure. Although OR were slightly higher in burners than non-burners for all intermittent exposure measures in this study, none of the differences were statistically significant. Only a few other studies have examined risk according to sun sensitivity, 16, 22, 34, [47] [48] [49] and have used different categorizations of sun sensitivity and measures of exposure. Results have been inconsistent, but on balance suggest higher risk in burners.
Armstrong and English 24 have further proposed that among good tanners, chronic sun exposure will decrease melanoma risk. The results of White et al. 34 are consistent with this model, finding that more sun exposure between the ages of 11 and 20 was protective for melanoma among good tanners, but slightly increased risk in poor tanners. In contrast, similar protective effects of chronic exposure were observed among burners and non-burners in our study.
We also examined the effect of intermittent exposure according to whether a subject had concurrent chronic exposure or not (Table 6 ). For those with no outdoor job exposure 5 years previously, a recent beach vacation or severe sunburn increased risk; a similar effect of slightly greater magnitude was seen for the comparable exposures in youth. The effect of beach vacations and severe sunburn in those with chronic exposure was also to increase risk in both time periods, but the overall risk for these individuals was lower, compared to the referent group of people reporting limited chronic and intermittent exposures. Of course, for those who are chronically exposed, additional exposure, whatever its origin, implies that they are not truly intermittently exposed.
Nelemans et al. 16 examined this question by assessing indicators of intermittent exposure at ages 15-25 in subgroups who had or had not worked outdoors at these ages. For some exposure indicators, they observed a protective effect among outdoor workers, but a significant increase among indoor workers, but for other indicators the OR was elevated in both subgroups. None of these subgroup differences were significant. When Elwood examined the joint effects of the two types of exposure, using cumulative measures for both, he concluded that the exposures acted independently. 23 There have been several critical reviews of the aetiology of melanoma, 3, 14, 23, 50, 51 but only a few formal meta-analyses that have provided pooled effect measures. 25, 26, 39 In their summary, Elwood and Gallagher 14 noted that studies have varied considerably in their methodological quality with respect to case and control selection, exposure assessment, use of physical examination of subjects, and statistical analysis. Accordingly their review was based on a subset of studies 36, 37, 52, 53 considered to have higher methodological quality. The Working Group of IARC adopted a similar approach, 1 but included a larger number of studies.
The present study satisfies almost all of the methodologically desirable criteria identified by Elwood and Gallagher: 14 it used a population-based sample of cases, and the controls were nondiseased; it used in-depth personal interviews, which permitted collection of detailed information in several domains such as vacations, recreation, occupation and host factors; there was also direct physical assessment of eye colour, skin colour and naevi on the forearm, using methods of demonstrated reliability. 54, 55 It used pathology review and had high case and control response rates. In addition, it is one of the largest studies conducted to date, which allowed us to estimate overall and subgroup effects with some precision.
A limitation of this study is that the accuracy, validity and appropriateness of our exposure indicators are unknown (as is true for other studies); some misclassification is likely, given the long period of recall that is sometimes required, and there may be a lack of specificity in the questions asked. However, it also seems likely that much of the misclassification is nondifferential, given that results are in opposing directions for chronic versus intermittent exposure indicators. It is unlikely that respondent bias could have distorted the association with one type of exposure but not the other. Many other studies have suffered the same measurement difficulties, as indicated by the large variety of exposure indicators used, their imprecision and the continuing lack of clarity about the greatest relevance to risk.
Elwood and Gallagher 14, 23 have suggested several possible mechanisms by which intermittent solar exposure might increase risk. First there is a possible biological effect from greater melanocytic exposure in intermittently exposed skin that has had no opportunity to tan or thicken. In contrast, the epidermis may be better protected after regular exposure through stimulated production of melanin and skin thickening, especially in people with less sensitive skin. Second, intermittent exposure may promote cyclical stimulation of melanocytes, and increase the risk of carcinogenesis; also, dose-fractionation may produce a different carcinogenic potential, relative to a single large dose. Third, recreational solar exposure is more likely in the summer months, and at peak exposure hours of the day; relative to the more chronic pattern of occupational solar exposure, recreational activity may therefore involve a higher concentration of shorter wavelength UV, particularly in the UVB range, which may in turn translate to a different biological effect. Lastly, differences between chronic and intermittent solar exposures are likely to be confounded by other differences in their associated environments, such as temperature and windspeed, and by other factors such as the use of sunscreens and washing.
In conclusion, our results do provide qualified support to the idea that intermittent UV exposure may carry an elevation in melanoma risk and, conversely, that chronic exposure may provide some protection. The study was carried out in a region of Ontario that lies slightly to the south of the region for the western Canada study and well to the south of the main European studies. Accordingly, the ambient environment in Ontario provides more solar UV than those regions, but considerably less than in Australia. 8 In that sense, our results are consistent with other non-Australian studies providing more indication of an intermittent exposure effect than in Australia, where the typical ambient exposure is much higher. Further evidence to confirm or refute the intermittent exposure hypothesis will require additional studies in which ascertainment of the pattern of UV exposure is the prime target. Further work is needed to develop accurate measures of intermittency, which are practical in the context of retrospective studies. Our results also suggest that future studies should take ages at exposure and diagnosis, host susceptibility and histological subtype into account as the intermittent exposure hypothesis is examined in more detail.
